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sample of species' data. Consequently there was variation between measures of species status in the time period 122 covered, the method of data collection, the aspect of species status measured, and the statistical techniques used 123 to assess trend. It is important therefore, to investigate whether the non-random species sample and the variation 124 in assessment methodology had a significant impact on our results.
126
In this paper, we:
1.
for each species are at least ten years apart. In addition to datasets of species population change, we collated 157 national IUCN Red List assessments.
159
Assessments of population change in many terrestrial and freshwater species were based on unstructured 160 biological records, meaning records were collected outside a formal monitoring framework. It can be difficult to 161 use datasets of opportunistic records to assess change over time, as recording effort varies spatially and temporally 162 (Hill, 2012; Szabo et al., 2010) . Several statistical techniques are available to help account for these biases; here we 163 used a hierarchical Bayesian occupancy modelling approach that has been shown to be robust to numerous biases 164 associated with biological records (supplementary material; Isaac et al., 2014; Van Strien et al., 2013) . We fitted an 165 occupancy model to the records for each species (see supplementary material). The outputs from these models 166 are annual estimates of the proportion of occupied sites (henceforth occupancy). (Data Type) , the format in which the data were collated and the number of species each data type contributed to the three metrics of species status. A full list of the datasets and the number and proportion of species included from each taxonomic group is given in Tables A2: A4 
167

176
The nature and quantity of data for marine species was different from that for terrestrial and freshwater species,
177
with robust data available for a limited set of taxa (Table A3 ). We did not include marine data in the metrics 
222
were assessed relative to the change in the average species, as a way to partially control for recording effort by 223 assuming that it has changed equally across species (Telfer et al., 2002) . As this index is a relative measure of 224 change it does not tell us how much a species' distribution has changed in absolute terms. Similar change indices 225 are available between each repetition of the Countryside Survey (Carey, 2008) and the one following it (1978-1990, 226 1990-1998, 1998-2007) 
256
We used a generalised mixed model (function lme, package nlme, R Core Team, 2016) to test whether the rate of 257 change in the Species Index differed between the short-term period (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) and the prior period 258 (Equation 2). Note the prior period is not equal to the long-term period.
263
Where corAR1( ) is an autoregressive model of order one, which takes temporal autocorrelation into account by 264 using the index value at time t-1 to help predict its value at time t. A uniform single level random effect was also 265 included (dummy), which is required in order to include a correlation term. As the short-term and prior periods 266 differed in duration we used bootstrapping to determine the significance of the second explanatory variable, which 267 describes the relationship between the rate of change in the index and the two time periods. We re-ran the model 1. The species sample underpinning the metrics of species change is based on data availability because it is currently 281 impractical to use a random sample of UK species within or between taxonomic groups or habitats. This means 282 that we need to employ caution in extrapolating findings beyond the species assessed. To investigate the 283 taxonomic representation of our datasets we assessed the extent to which each phylum and kingdom was over or 284 underrepresented in our datasets relative to the proportion of freshwater and terrestrial species in that group.
285
Secondly, we explored options for weighting our metrics to take account of taxonomic biases.
287
We calculated a weighted ( 
Where subscript letters denote that the parameter is specific to the population change category (c), to those species present in the dataset (d) and to the group (g). Figure 1a ; Table A6 ). Of the 3810 species with a 317 short-term measure, 2038 (53%) had negative population trends and 1772 (47%) positive and there were 1571 318 species (40%) in the decreasing categories and 1289 (34%) in the increasing categories ( Fig. 1b ; Table A7 ). There 319 was variation in the ratio of negative to positive changes between the higher taxonomic groups in the long-term 320 but not the short-term (long-term: X 2 2 = 16.07, P < 0.001; short-term: X 2 2 = 0.07, P = 0.97), with vertebrates 321 having fewer species with negative trends compared with invertebrates and plants and fungi.
1. 
329
The Species Index (SI) declined significantly by 16% in the long-term (∆SI1970-2013 with CI = -16 (-23,-9)) and non-330 significantly by 2% (∆SI2002-2013 = -2% (-5,2)) in the short-term (Figure 2a ; Table A8 ). We found no evidence that the 331 rate of change of the overall Species Index differed between the prior period and the short-term 332 period (2002-2013); change model coefficient (CM) with CI = 1.002 (0.998,1.006) (Table A9 ). There was substantial 333 variation between the Species Indices for the three higher taxonomic groups in the long-term, with vertebrates 334 showing no significant change; ∆SI1970-2013 = 22 (-5,57), plants and fungi increasing; ∆SI1970-2013 = 20 (3,39) and 335 invertebrates decreasing; ∆SI1970-2013 = -29 (-36,-21) ( Fig. 2b ; Table A8 ). None of these Species Indices showed a 336 significant change in the short-term. The rate of change was significantly less positive in the recent period than the 337 prior period for vertebrates (CM = 0.987 (0.976,0.999)), and significantly more positive for plants and fungi (CM = 338 1.011 (1.003,1.018); Table A9 ). 
340
350
We were able to determine habitat associations for 83% (N = 3152) of the 3816 species in the Categorical Change 351 metric. The pattern of population change present in the all species metric (Fig. 1a ) was similar to that found in 352 each habitat, but with Grassland & Heathland (60%) and Coastal (58%) habitats having slightly higher proportions 
359
showed a significant decline. For all habitats apart from Urban and Farmland, we found no evidence that the 360 average rate of population change differed between the prior and the short-term period. The SIUrban was stable in 361 the prior period, but negative in the recent one (CM = 0.98 (0.97,0.99); Table A9 ). The SIFarmland declined in the 362 prior period and became more negative in the short-term period (CM = 0.993 (0.986,0.9995)).
364
Marine species
365
Over the long-term, 38% (N=39) of the marine taxa assessed had negative population trends and 62% (N=65) 366 positive, whilst 26 taxa (25%) were in the decreasing categories and 51 (49%) in the increasing categories (Table   367 A11). The SImarine increased by 37% between 1970 and 2013 (∆SI1970-2013 = 37 (2,85); Fig. 2c ; Table A13 ). Looking at 368 the trends of marine taxa in more detail, it is apparent that one group was driving the increase. When fish were 369 excluded from the analysis, 48% (N=19) of the remaining marine taxa have negative population trends and the 370 SImarine shows a non-significant decline of 11% since 1970 (∆SI1970-2013 = -11 (-31,13)), whereas 31% (N=20) of fish 371 have negative population trends, and SIfish shows an increase of 485% (∆SI1970-2013= 485 (147,1310); Fig. 2d ). In the 372 short-term, 44% (N=46) of taxa have negative population trends and the SImarine increased non-significantly by 16%
373
(∆SI2002-2013 = 16% (-3,41)). There was no evidence that the rate of change in the SImarine differed between the prior 374 and short-term period (Table A12 ).
376
National Red List assessments 377
We brought together GB Red List assessments for 7966 species, 15% of UK freshwater and terrestrial species
378
(invertebrates: 12%, plants: 52%, fungi: 11%; no comparable assessments were available for vertebrates), of which 379 13% were considered to be threatened with extinction. A higher proportion of plants were threatened (19%, 380 Figure 3 ; Table A14 ) than either fungi or invertebrates (both 11%).
1. 419 Table A16 ). In both metrics weighting by phylum gave a more negative outcome as the weight of Arthropod 420 species, which have a higher percentage of negative trends, was increased.
422
The tests for ecological bias (in the sense of ecological specialism) found that bryophyte species included in the 423 species change metrics tended to be associated with a greater number of habitats ( 6 2 = 303.69, < 0.001) and 424 were more widespread ( ( ) = 16245, < 0.001) than those for which population trends are not yet 1.
available. The same pattern, albeit weaker, was observed for vascular plants ( 2 2 = 7.70, = 0.021; = 426 79118, < 0.001). However, across all taxonomic groups within our dataset we found no correlation between 427 the number of habitats in which species were found and whether their population trend was positive or negative 428 ( 7 2 = 12.28, = 0.09). , Table A3 ). We did not find suitable population change 436 estimates expressed at a species level for marine invertebrates or phytoplankton; although data were often 437 collected at the species level. Given these limitations, we weighted each higher taxonomic group equally in the 438 marine metrics (2.2; Figure 2c, d) . species sample with narrow taxonomic breadth (JNCC, 2017a). In our assessment, more than a third of freshwater 446 and terrestrial species and more than a half of marine species showed changes in abundance, occupancy or range, 447 which we defined as 'strong' over the long-term period. For freshwater and terrestrial species the average trend 1.
430
was that of decline, strongly influenced by agricultural management and climate change (Burns et al., 2016) .
449
Human activities are also implicated in the 1057 species classified as threatened with extinction from GB (National
450
Red Lists, e.g. Macadam, 2016), despite global (Convention on Biological Diversity, 2010) and national (e.g. Scottish
451
Natural Heritage, 2016) targets to reduce the rate of biodiversity loss.
453
By contrast, the average trend for marine species was an increase, although this was based on a small sample of found no evidence for a difference in the overall rate of species change between the prior and short-term periods.
466
Differences were observed for some groups and habitats, but very few of these related to a reduced rate of decline 467 or elevated rate of increase in the short-term. These different patterns of change between our and other's studies 468 may be explained by the species sampled or the analytical methods used. However, as each study reported 469 different measures of population change they may be observing different aspects of the same underlying process.
470
A recent simulation study found that although observed trends in population abundance were consistent with 471 simulated population change, observations of species richness showed periods of stability despite changes in the 472 simulated populations (Hill et al., 2016) .
474
We were unable to generate species status metrics for the UK's Overseas Territories ( was considerably lower than that for freshwater and terrestrial biota, and so we should be very cautious about 489 extrapolating the patterns of change observed. However, we hope that by presenting these interim marine metrics 490 we will stimulate further progress towards a robust assessment of marine species status. Indeed, across all biomes,
491
it is likely that data availability (August et al., 2015) and analytical techniques (Dennis et al., 2017; Edgar et al., 492 2016; Outhwaite et al., 2018) will continue to increase and improve in coming years, allowing population change to 493 be estimated for additional species and groups, which may reduce bias in the species sample.
495
In order to control for current taxonomic biases, we explored weighting each taxonomic group in the two species 496 change metrics relative to its contribution to UK biodiversity, such as is used by the Living Planet Index (McRae et   497 al., 2017) . This method should be considered for future assessments, however, the taxonomic level at which the 498 weighting is conducted should be chosen carefully or applied hierarchically otherwise the weighting may amplify 499 bias at lower taxonomic levels. Additionally, weighting by taxonomy may not control for other biases, for instance 500 representation across the range of species' abundances or contributions to ecological processes. For the two 501 taxonomic groups tested, there was some bias in data availability towards generalist, widespread species. It is hard 502 to predict the generality or impact of this pattern, however, given evidence to suggest that specialist species are 503 more likely to have poorer conservation status than generalists (Davey et al., 2012; Le Viol et al., 2012) , our 504 assessment of the percent of species in declining categories may be conservative.
506
In order to maximise taxonomic breadth, the Species Index combined time series' of both abundance and 507 occupancy (Van Strien et al., 2016) . These two measures of population change tend to be correlated (Van Turnhout et al., 2007; Zuckerberg et al., 2009) , nevertheless changes in abundance may be more pronounced or easier to 509 detect, in particular for widespread species (Chamberlain and Fuller, 2001) . Therefore, this decision may have 510 introduced additional variance to the indices both due to the different measures of change and to differences in 511 the data collection process.
508
513
The Red List assessments summarised here cover a modest percentage of UK species (15%) but represent a major 514 step forward in our understanding of national extinction risk. Ecological bias is likely to be lower here, as 515 taxonomic groups are assessed in their entirety, yet significant taxonomic bias remains. Several additional Red List 516 assessments have subsequently been published (e.g. Lane, 2017) and assessments are in progress for the 1.
remaining vertebrate classes and several other insect groups, although fungi remain under-represented. Continued 518 support for a programme of Red List assessments will likely further improve taxonomic coverage and allow repeat 519 assessments, as is the case in many countries (Henriksen and Hilmo, 2015; Rassi et al., 2010) , in time allowing the 520 calculation of a Red List Index (Butchart et al., 2007) . The aim of the assessment was to create a clear and objective summary of the state of wildlife in the UK and to 524 communicate this in a way that increased awareness and understanding of the state of nature and how and why it 525 is changing. Implicit in this is a requirement for audiences to easily understand the headline metrics and 526 accompanying statements, and appreciate why they are important. Evidence is lacking to say whether the design 527 of the species metrics and how they were communicated facilitated this requirement and whether our aims were 528 met. Here we discuss indirect evidence collated and potential future improvements.
530
Effective biodiversity indicators should simplify information, be representative, quantitative, responsive, 531 susceptible to analysis, policy relevant and easy to communicate (Gregory et al., 2005) ; the metrics here meet 532 many of these criteria. Despite this, there remains scope to improve their design to make it easier to communicate 533 their content and meaning. For freshwater and terrestrial species, the results indicate that more species have 534 declined than increased and the average species' trajectory is downwards. We do not explicitly give an 535 interpretation of these patterns, but it is implied that more species decreasing than increasing is undesirable and 536 remedial action should be taken. But what would our interpretation be if we observed a ratio roughly balanced 537 between increasing and decreasing, or with more species increasing, as we do for our sample of marine taxa? An
538
unintended consequence of the current Species Index design is that it implies that population increases for some 539 species balance out decreases for others. However, what is of more concern is the extent of anthropogenic impact 540 on species, with focus upon species in decline. Partitioning the metrics by species' ecology to show areas of 541 concern could aid interpretation. We investigated whether species' status differs by taxonomic group and habitat, 542 but few strong patterns were seen, although that may be due partly to the simple breakdowns used. It would be 543 useful to explore a range of other traits, such as rarity, specialism or ecosystem function (Powney et al., 2017) .
544
Another option would be to link species' status directly to the underlying cause, either by developing metrics that 545 link biodiversity state to an environmental driver (Van Strien et al., 2009) or by developing a linked indicator set 546 (Sparks et al., 2011) . Explaining the reasons underpinning changes in species status helps interpretation 547 (Blackmore and Holmes, 2013) , although that level of knowledge or certainty is often missing.
549
We communicated the results of State of Nature 2016 through traditional and social media as well as targeted 550 communications to policy makers, using members of the partnership as spokespeople. We only have indirect 551 measures of whether the report succeeded in increasing the awareness and understanding of target audiences.
1.
Over 10000 people responded to the 2016 report by individually tweeting about #StateofNature, and we had 553 >35000 unique page views of an infographic carrying a simplified version of the report's findings. A stronger 554 indication of increased awareness came from 7500 clicks on the 'how to help' options within the infographic,
555
although it is unknown to what extent subsequent action was taken. There is some evidence that the two State of 556 Nature reports have been successfully communicated to policy makers. They have been mentioned 12 times in 10 557 debates in Hansard, the transcript of the UK parliament, six times in the Scottish Parliament's, and 12 times in the 558 Welsh Assembly's equivalent reports. A clear recommendation for similar assessments in the future would be a 559 robust methodology to measure impact on target audiences. Future impact may also be increased by involving a 
577
Clear, comprehensible and objective assessments of the state of nature are critical to informed decision making by 578 policy makers, conservationists and individuals. This is particularly important as we approach 2020, when 579 countries will be assessing their progress towards the Aichi global biodiversity targets (Convention on Biological 580 Diversity, 2010).
582
The State of Nature partnership hopes to continue to work together towards this goal, with a third report planned 583 for 2019. It is likely the metrics in the 2019 report will have lower levels of taxonomic bias given improvements in 584 data availability and analytical techniques. Equally important is the continued development of the biodiversity 585 metrics in order to facilitate communication of their content and meaning to audiences. Work is ongoing to 586 develop a more rounded assessment of state, pressure and response and to illustrate likely causal links between 1.
state and pressure where possible. Finally, we hope to work with audience members to improve our assessment 588 and better measure its impact. 589 590
